Abstract. Initial attempts to prepare conducting polymer nanoparticles with ethanol as a solvent are described. Using poly (3-hexylthiophene) (P3HT)/1-(methoxycarbonylpropyl)-1-phenyl-[6,6]C61 (PCBM) blends we demonstrate surfactant-free synthesis and characterization of polymer nanoparticles in ethanol dispersion. The spectral features of the nanoparticles were investigated by UV-vis spectrophotometry show that P3HT has an absorption maximum at ~520 nm, while the absorption peak of PCBM lies at ~330 nm. Corresponding fluorescence spectra of the nanoparticles show an emission peak at 630 nm with a shoulder visible at 720 nm. TEM spectra show that the particle size is in the range 35 to 100 nm. Using the ethanol suspension of these particles, we have fabricated and characterized working OPV (organic photovoltaic) devices. This approach is shown to be an effective way to control active layer morphology in OPV devices.
INTRODUCTION
The research and development of organic photovoltaics has increased in recent times due to their inherent advantages over conventional solar cells: they are potentially simple to fabricate, can have a low impact on the environment and can be deposited on flexible substrates [1] [2] [3] [4] . Furthermore, the solar cells can be printed in a variety of colors and patterns making this solar solution easy to integrate into a wide variety of products [5] . However, energy conversion efficiency for these types of cells are low compared to other photovoltaic technologies [6] . To address such issues, improvements in performance have been made with the development of bulk heterojunction (BHJ) devices [7] [8] [9] . This type of solar cell is based on blending together electron donor and fullerene (electron acceptor) derivatives, thus forming an network of polymer and fullerene domains, at the interface of which occur ultrafast, photo-induced charged transfer, with resulting current generation [7] . The most studied system up to now is a blend of poly (3-hexylthiophene) (P3HT)/1-(methoxycarbonylpropyl)-1-phenyl-[6.0]C 61 (PCBM), which produce promising BHJ devices with power efficiencies in range 3 -5.4% [10, 11, 12] . These materials are typically applied as an active layer in devices from organic solutions of the fully solvated polymer blend.
Our attention has focused on producing and processing semiconducting P3HT/PCBM blend nanoparticles via the reprecipitation method. This technique is surfactant free and offers a simple route to the production of semiconducting polymer nanostructures by the injection of a solution into a second solvent of poor solubility to effect reprecipitation [13] . There are several reports in the literature on the production of such suspensions. Hu et al. used single particle spectroscopy to investigate correlation between the spectroscopic and morphological properties of composite P3HT/PCBM nanoparticles [14] . In a subsequent article, they reported the investigation of the optical properties of individual nanoparticles in relation to the morphology of P3HT in the nanoparticle [15] . The same method was also utilized by Shimizu et al. to prepare and characterize water dispersed P3HT particles. These researchers produced a stable aqueous dispersion of P3HT by adding a THF solution to a large volume of water [16] . It has further been reported that both the crystallinity and size of polymer nanoparticles made from the reprecipitation method can be tuned by controlling the basic physical properties of the polymer and varying the initial polymer concentrations [13] .
The purpose of the present study is to develop surfactant free blended P3HT/PCBM nanoparticles in ethanol media of sub-100 nm diameters. We describe the detailed analysis of the dispersion properties using UV-vis spectrophotometry, fluorescence spectroscopy and TEM. Furthermore, we fabricate working OPV devices made from a nanoparticulate active layer. The use of ethanol dispersed nanoparticles to produce the active layer of OPV devices presents to potential advantages over traditional fabrication processing. Firstly, the preformation of sub-100 nm sized nanoparticles of the active material allows control of the morphology of the active layer which is simply not possible through conventional spin coating or printing from solution. Since the morphology of the active layer is critical to device performance this is a major advantage of the method. Secondly, the use of an ethanol dispersion of particles allows the hazardous chlorinated organic solvents traditionally used in the solution processing of OPVs to be eliminated, completely avoiding issues of solvent disposal and recycling to be avoided in the crucial processing step.
MATERIALS AND METHODOLOGY
P3HT and PCBM were purchased from Lumtec Co. while chloroform and ethanol were obtained from Sigma Aldrich. All chemicals were used as received. Semi-conducting polymeric nanoparticles in this work were prepared according to the reprecipitation method [9, 10, 11, 14, 18] . In short, P3HT and PCBM were dissolved in CHCl 3 (0.5 %wt) and stirred for 1 hour at room temperature. Then the CHCl 3 solution was transferred into a syringe and rapidly dropped into 4 ml ethanol while simultaneously stirring the mixture. After injection, stable nanoparticle suspensions were obtained which were subsequently used to fabricate OPV cells.
The size distribution of the nanoparticles was determined using a JOEL JEM-1200EXII TEM (1992) transmission electron microscope (TEM) operating at 80 kV. The sample was prepared by spin coating 10 μl of the synthesized nanoparticle dispersion onto a silicon nitrite window. UV-Vis spectra were recorded with a Varian Cary 6000i UV-Vis scanning spectrometer, and the relevant films were prepared by spin coating the nanoparticle dispersion onto normal silica glass slides. A Nanolog 3 Horiba Yvon fluorimeter was use to measure the fluorescence emission characteristics of the nanoparticle suspension using a quartz cuvette.
The nanoscale morphology of the film was performed with a Cypher [Asylum Research] operating in AC Mode. This instrument was equipped with 10 x 10 nm and 500 x 500 nm scanner. Organic photovoltaic (OPVs) were fabricated using prepatterned ITO glass as the substrate and transparent anode.
An interfacial layer of poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT: PSS) was deposited onto the pre-cleaned patterned ITO glass substrates by spin coating (1 minute at 5000 rpm) and annealed at 140 o C for 30 minutes to remove all residual water. Subsequently, 4 layers of ethanol dispersed P3HT/PCBM nanoparticles were deposited by spin coating (1000 rpm for 3 minutes in air for each layer) and then the device was annealed at 140 o C for 5 minutes. The substrates were then transferred to a vacuum deposition chamber (base pressure ~10 -7 mbar) and a 100 nm thick aluminum cathode was thermally deposited. After evaporation the IV characteristics of the devices were measured under AM1.5 conditions and recorded using a Keithley 2400 source meter.
RESULTS AND DISCUSSION

Nanoparticle Characterization by AFM, TEM and DLS
A typical TEM image of the blended nanoparticles is shown in Figure 1a . This image indicates that that the particles are spherical with a size distribution in the range 35 to 100 nm. The size observed via TEM correlates well with that measured with via dynamic light scattering (DLS) (Figure 1b) . 
Spectroscopy of the Nanoparticle Dispersion
The UV-Vis spectra for the P3HT/PCBM multilayered devices at each stage of the fabrication process are shown in Figure 3 . This image shows that the absorbance increases systematically with each deposited layer indicating that there is a systematic increase in the overall layer thickness. However, the nanoparticle films exhibit poor total absorption due to the low thickness of the devices. The spectrophotometry shows the expected spectrum which is a superposition of the two component spectra with a P3HT absorbtion peak at 520 nm and the absorption peak of PCBM at 330 nm. Typically annealing of nanoparticles for OPV applications is required to induce advantageous phase segregation and optimize device performance [3, 18] . Therefore, it was thought that annealing would need to be performed in order to optimize active layer morphology as well as improve nanoparticle connectivity and remove residual solvent, improving the electrode contact. By utilizing fluorescence experiments, we are able to show that annealing the nanoparticulate film results in significant increases in the intensity of the spectrum. The fluorescence spectra of the nanoparticles reveal that the emission peak of P3HT is located at 630 nm with a shoulder visible at 720 nm (Figure 4a) . The same peak region also detected for the nanoparticle suspension (Figure 4b ). This figure shows that the intensity peak increases with increasing nanoparticle concentration. It is well established that even small amounts of PCBM dispersed into a P3HT film result in complete quenching of the P3HT fluorescence [16] . We therefore conclude that the P3HT/PCBM morphology in the nanoparticle dispersion must consist of two distinct phase segregated domains and that the segregation of these domains is increased with annealing. 
Photovoltaic Cell Characteristics
Multilayer nanoparticulate solar cells were fabricated with a layer by layer structure of glass/ITO/PEDOT:PSS/P3HT:PCBMnanoparticles/Al. , short-circuit current density (J sc ) and fill factor (FF) this device acts as a proof of concept for the fabrication of nanoparticulate OPV devices. Further investigation will focus on improving the thickness and smoothness of the nanoparticle films and further elucidate the film morphology and the nature of the particle-particle interactions therein. 
CONCLUSION
In conclusion, we have prepared, via a surfactantless method, and characterized polymer P3HT/PCBM nanoparticles for use in thin film electronics. The particle size can be controlled in the range of 35 to 100 nm. Two emission peaks are observed in nanoparticle fluorescence spectra located at 630 nm with a shoulder visible at 720 nm indicating a high degree of phase segregation within the particles. OPVs using P3HT/PCBM polymer nanoparticles made from this method have produces working OPV devices with efficiencies about 0.02%. Whilst this power efficiency is low, the method promises an effective way to control active layer morphology during the fabrication of OPV devices.
